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ABSTRACT  
Background: Despite their potential, there is limited uptake of formal qualitative methods in model 
development by modellers and health economists. The aim of this case study is to highlight in a real-
world context how a qualitative approach has been applied to gain insight into current practice 
(delineating existing care pathways) for typhoid fever in Ghana which can then assist in model 
structure conceptualisation in a model-based cost-effectiveness analysis. 
Methods: The perspectives of a range of healthcare professionals working in different settings and 
across different practices in the Eastern region of Ghana were captured with a self-administered 
survey using open-ended questions and analysed using the framework method. 
Results: A total of 51 completed questionnaires were retrieved representing a 73% response rate. It 
was found that two main care pathways for typhoid fever exist in Ghana and there was no consensus 
on how a new test might be applied to the existing pathways.  
Conclusion: The two settings in Ghana have different care pathways and any cost-effectiveness 
analysis should consider the alternative pathways separately. This study has demonstrated that 
framework analysis is a qualitative methodology that is likely to be  accessible and feasible across a 
wide range of health economic settings.  
Key points for Decision Makers 
x Delineating care pathways during model development can be difficult and qualitative methods 
play a potentially key role in enhancing this process. 
x Integrating qualitative methods in model development can potentially enhance the validity as well 
as generalizability and credibility of models. 
x Framework analysis is a simple but systematic qualitative approach that can potentially enhance 
the process of model development.     
Key words: qualitative techniques; framework method; model development; cost-effectiveness; care 
pathways; typhoid fever 
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1.0 INTRODUCTION 
There exist challenges for health economic evaluation of medical tests [1]. Direct research 
required for their evaluation is lacking [2]. Therefore, test evaluation in most cases generally 
involves modelling of test-treat pathways by integrating evidence from studies evaluating one 
or more aspects (test accuracy, test performance, treatment effectiveness) within the care 
pathway [3]. An informative economic model will require knowledge of care pathways if it is 
to represent appropriately the disease, persons not having the disease, misclassifications, and 
be fit for the purpose of decision making [4]. Therefore, delineating the care pathway and any 
existing variations may be a key information requirement to effective test evaluation [5].  
Delineating the test-treat pathway can be difficult and qualitative methods can play a 
potentially key role in enhancing this process [6-10]. For example, they can be used to 
facilitate and capture the perspectives of all of the different types of experts knowledgeable 
on the topic of interest [11], including capturing variability in practice when defining care 
pathways to assist in model structure conceptualisation [12]. Variability may arise from 
clinicians and patients involved at different points in a care pathway and in different 
settings/locations. Capturing variability can potentially assist in improving the validity as 
well as generalizability and credibility of models. There are examples of different qualitative 
research methods used for model development including the Delphi technique [12,13], focus 
groups [8], and stakeholder workshops [14]. Despite their potential, there is limited uptake of 
formal qualitative methods in model development by modellers and health economists [15]. 
One explanation for their limited uptake is lack of familiarity of their potential to assist with 
model development and a general assumption that qualitative methods are resource intensive. 
The diagnosis of typhoid fever represents an area of unmet need in Ghana [16]. The 
investigative tool most often used is the Widal test (a serological test). Typhoid fever has 
been over diagnosed based on the Widal test [17], and the WHO recommended investigative 
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tool (blood culture) [18] has its limitations. Low sensitivity (the ability of the test to correctly 
classify the proportion of people with disease who will have a positive test result) remains a 
limitation to this diagnostic method (as low as 40%) [19]. The potential impact is that, the 
disease will be missed in a lot of patients (i.e., a high false negative rate) resulting in lost 
opportunity for treatment, which might lead to increased morbidity and mortality. 
Furthermore, culture testing requires resources (trained personnel and equipment) which may 
not be available in primary health care facilities in Ghana (as in other resource-constrained 
settings) and results take 2-3 days. This may result in diagnosis being delayed or overlooked, 
and patients may end up with complications if treatment is postponed or patients are lost to 
follow up [20]. Typhoid fever clinically resembles other febrile conditions such as malaria 
and is easily misdiagnosed without laboratory confirmation [21], which could lead to an 
overprescribing of antimalarial therapies associated with a huge economic impact on the 
Ghanaian economy. Consequently, concerted efforts are being made to develop a clinically 
effective and cost-effective rapid diagnostic test that will aid fast accurate diagnosis and 
management of typhoid fever cases in Ghana.  
Identifying care pathways for typhoid fever in Ghana, their variations, diagnostic challenges 
associated with these (which are likely to result from the different levels of care) and the 
potential placement and role (replacement, triage or add-on) of a new test on existing care 
pathways are key to the effective evaluation of the true value of a new test. This requires 
novel research because records cannot be relied on to obtain such relevant information. The 
characteristics of a test: accuracy (sensitivity, specificity) and processing requirements (for 
example expertise, equipment needed, and time taken) will determine the best placement and 
role on a testing pathway. A test intended to be a replacement test is expected to be more 
accurate, less invasive for the patient and yields quicker results. A test intended to be a triage 
test may be less accurate than existing ones, should be non-invasive, simple to perform and 
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cheap. A test may be used as an add-on test at the end of a testing pathway because although 
it is more accurate, it is also more invasive or expensive. Consequently, its application is 
reserved for specific patient subgroups in which the test is deemed a final resort [22].  
The aim of this case study is to highlight in a real-world context how a qualitative approach 
has been applied to gain insight into current practice (delineating existing care pathways) for 
typhoid fever in Ghana and the potential role of a hypothetical test on the pathway, which can 
then assist in model structure conceptualisation in a model-based cost-effectiveness analysis. 
Specifically, the aim is to describe the existing care pathway for typhoid fever in Ghana and 
any variations, explore reasons for variations in existing care pathways for typhoid fever in 
Ghana, and to capture the views of a range of healthcare professionals working in Ghana on 
the potential role of a hypothetical new rapid test for typhoid in the care pathway they work 
in.   
2.0 METHODS  
The perspectives of a range of healthcare professionals working in different settings and 
across different practices in the Eastern region of Ghana were explored to answer the 
questions: what is the test-treat pathway for typhoid fever in Ghana? Are there variations in 
the existing test-treat pathway? And what is the potential role(s) of a new test on the existing 
pathway in Ghana? One region was chosen as a case study because the literature on the 
structure of the healthcare delivery system in Ghana indicated that variations in practice were 
likely to result from the different levels of care (which is the same across all the regions) 
rather than resulting from the individual regions. The Eastern region was selected because the 
Principal Investigator (PI) worked and lived in this region and is familiar with the region thus 
it was comparatively less resource intensive to obtain the data required because of proximity. 
A purposive, maximum variation sampling approach (which involves approaching all those 
who are knowledgeable on the topic on interest and can give potentially different 
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perspectives) was undertaken [11]. The results were compared between settings as this was 
considered the main factor likely to drive any variations in the findings.     
2.1 Participants 
To be eligible for inclusion in the study, the participant had to be a clinician or medical 
assistant who worked in a healthcare provision facility (Health Centre, Polyclinic, hospitals, 
etc.) in the Eastern region of Ghana. Clinicians and medical assistants were chosen to 
participate in this study because they were knowledgeable in the topic of interest and thus 
were in a better position to provide valuable information to aid this study. Participants of all 
ages and genders were included to avoid sampling bias.  
2.2 Data collection (March ± July 2017) 
Some level of pragmatism was required to choose the most appropriate approach to collect 
data. In-GHSWKLQWHUYLHZVZHUHQRWSRVVLEOHEHFDXVHRISDUWLFLSDQWV¶WLPHFRQVWUDLQWV
Therefore a self-administered survey using open-ended questions was used [23]. 
Acknowledging that responses were likely to lack depth, and a survey would not allow 
probing by the researcher or checking of the SDUWLFLSDQWV¶understanding of the questions, a 
well written questionnaire was required to elicit adequate valuable information. A 
questionnaire was piloted in a different region (Greater Accra) and revised based on 
responses into the final version used in this study. With ethical approval from the University 
of Birmingham (ERN_16-0947) and from the Ghana Health Service Ethical Review 
Committee (GHS-ERC: 03/12/16), medical superintendents of various health facilities were 
contacted to arrange a meeting between the researcher and the clinicians and/or medical 
assistants working at their facilities. During these meetings, the aims and the expected 
outcomes of the study were explicitly explained to them and interested persons were recruited 
into the study after having gone through the informed consent process and signed the consent 
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form. Groups of recruited participants in each institution were given the opportunity to go 
through the questionnaire to ensure they understood the questions, and explanations were 
offered to clarify issues where necessary. Questionnaires were coded for easy identification 
of the facility and its location within the region to enable easy analysis of the data. 
Participants were anonymized. A total of 70 self-administered questionnaires were distributed 
to participants by the researcher in person.              
The following themes were generated a priori by the research team and informed the content 
of the questionnaire: presumptive treatment views (treatment of clinically suspected cases 
without, or prior to, results for confirmatory laboratory test), diagnostic test(s) used, test 
negative management (care plan for those with negative test result), test positive management 
(care plan for those with positive test results), prescribed antimicrobial for positives, dosage 
of antimicrobial, assessment of test-treat outcome and intended role of new test. All the 
WKHPHVH[FHSWIRU³LQWHQGHGUROHRIQHZWHVW´ZHUHJHQHUDWHGWRJDLQLQVLJKWLQWRFXUUHQW
practice by considering them collectively and thus are reported and discussed under the 
section ³GHOLQHDWLQJH[LVWLQJWHVW-treat paWKZD\DQGUHDVRQVIRUYDULDWLRQ´ ³,QWHQGHGUROHRI 
new WHVW´was examined to capture views on the potential role of a hypothetical new test, and 
where it should be placed on the testing pathway to improve current practice. The chosen role 
of a new test implies the necessary properties it should possess. Participants were asked to 
choose a statement which best describes the role of a hypothetical new rapid diagnostic test 
for typhoid: (a) to test patients first to decide on who should receive further testing with the 
test you use now (triage); (b) as the main investigative tool without further testing with the 
test you use now (replacement); or (c) to provide additional diagnostic information after 
testing with the test you use now (add-on). The questionnaire is shown in Appendix 1. 
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2.3 Data analysis 
Framework analysis was adopted as the analytical framework for analysing the data collected 
in this study [24]. This method of analysis belongs to a wider group of analysis methods 
(termed thematic analysis or quantitative content analysis) which seeks to identify, analyse 
and report patterns within data [25]. The data collected is based on pre-defined themes 
(deductive) rather than inductive (emerging from the data). The distinctive attribute of this 
method is the matrix output, which provides a systematic structure into which data can be 
charted (inputted) to enable in-depth analysis [26]. It consists of rows, columns and cells of 
summarised data. In this case study, rows referred to participants, columns referred to pre-
defined themes, and cells of summarised data referred to responses from participants. 
Framework analysis was chosen due to its deductive approach that makes it especially suited 
to research that has specific data needs set in advance [27]. In this case study, it allowed for 
pre-defined themes to be developed which shaped the nature of the data collection. In 
addition, framework analysis was selected because it is intuitive and allows for easy 
recognition of patterns in the data set once a matrix has been developed [24]. Also, the 
systematic approach embedded in the framework method of analysis ensures that the rigour 
of the analytical process is maintained, thereby enhancing the credibility of findings [28]. 
Figure 1 illustrates the procedure for analysis using the framework approach.  
Written responses retrieved from participants were first converted into electronic form by the 
principal researcher and read repeatedly by members of the research team to ensure 
familiarisation with the data. This provided a good opportunity to get immersed in the data 
set and have a better recollection of key information [25]. The textual data was colour coded 
(by two members of the research team individually) to classify all of the data set according to 
the pre-defined themes. There were no emerging new themes from the survey, thus, the pre-
defined themes generated were then developed into a working analytic framework; a matrix 
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consisting of rows and columns into which data was charted to enable in-depth analysis [26]. 
7KH³DQDO\WLFDOframework matrix´LV shown in Appendix 2.  
3.0 FINDINGS  
3.1 Demographics of participants 
A total of 51 questionnaires were retrieved representing a 73% response rate. Non-
respondents were all participants working in primary hospitals and time constraint was the 
main reason given for non-response. Twenty responses were from participants working in 
secondary care and thirty-one from participants in primary care. The name, gender, and age 
of the participants were not captured to ensure participant anonymity.  
3.2 Delineating existing test-treat pathway and reasons for variations 
In terms of gaining insight into current practice two main care pathways were delineated from 
WKHDQDO\VLVRIWKHPDWUL[WKH³FXOWXUH care SDWKZD\´VXVSHFWHGW\SKRLGFDVHVKDYHFXOWXUH 
i.e., blood, stool or urineDQGWKH³:LGDOFDUHSDWKZD\´VXVSHFWHGW\SKRLGFDVHVKDYH:LGDO
test) (Fig 2&3). Underpinning this variation was the type of healthcare provision facility in 
which the participants were recruited from. It was noted that tKH³:LGDOFDUHSDWKZD\´ was 
predominantly followed in primary hospital facilities (typically district level facilities that 
provide the most basic care) whereas WKH³FXOWXUHSDWKZD\´ZDV predominantly followed in 
the secondary hospital facility (typically regional hospitals which are an upgrade of primary 
hospitals in terms of infrastructure and resources). However, there were two exceptions to 
this pattern. Blood or stool culture was stated by participant 50 (P) as the diagnostic tool 
used even though the participant was recruited from a primary hospital facility and 
participant 31(S) stated the use of the Widal test even though the participant was recruited 
from a secondary hospital facility (letters P and S in parenthesis indicate whether a 
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participant was recruited from primary care or secondary care respectively). Participant 
31(S) stated, ³LWLVWKHFRPPRQHVWDQGVLPSOHWRGR´ as the reason for using the Widal test. 
This quote is suggestive of the fact that the Widal test could be available in secondary 
hospitals even though culture might be the preferred test in such settings. Participant 50(P) 
stated, ³LWLVUHDGLO\DYDLODEOHLQRXUODE´ as the reason for employing culture.  
The management aspect of the two care pathways following testing with either the Widal test 
or culture was found to be similar. In both pathways, test negative patients were investigated 
further for other conditions especially malaria and treated according to the final diagnosis. 
For example, participant 16(P) stated, ³ZKHQQHJDWLYHZHFKHFNIRURWKHUFRQGLWLRQVOLNH
PDODULDDQGWUHDWWKHP´. Participant 19(P) stated, ³,ORRNRXWIRURWKHUFRQGLWLRQV
presenting like typhoid fever in typhoid negative clients DQGWUHDW´. Participant 35(S) stated, 
³when negative I investigate XQGHUO\LQJFDXVHRIV\PSWRPVDQGWUHDWDSSURSULDWHO\´. And 
participant 38(S) stated, ³ZKHQQHJDWLYH,LQYHVWLJDWHIXUWKHUWRJHWWKHVSHFLILFFRQGLWLRQ´. 
Typhoid positive patients were noted from the analysis to be treated with antibiotics mainly 
oral ciprofloxacin at a dose of 500mg every twelve hours for a period of seven to fourteen 
days. After this, they were reviewed and in most cases re-tested to ascertain whether the test-
WUHDWSURFHVVZDVVXFFHVVIXOLQLPSURYLQJWKHSDWLHQW¶VKHDOWK For example, participant 
19(P) stated, ³,WUHDWtyphoid positive patients with oral ciprofloxacin. Dosage: Tb 
Ciprofloxacin 500 mg bd* 7-GD\V´. Participant 25(P) stated, ³positives: I treat with 
ciprofloxacin. Dosage: 7E&LSURIOR[DFLQPJEGGD\V´. And participant 32(S) stated, 
³I give oral antibiotics medication for positive patients. Dosage: Tb Ciprofloxacin 500 mg 
bd* 10 days´ It was noted that, the choice of oral ciprofloxacin was because it is the first line 
drug to manage typhoid fever and for other reasons such as its efficacy against the causative 
organism, availability and cost. For example, participants 31(S) and 51(P) stated, ³LWLVWKH
first line drug to manaJHW\SKRLG´. And participant 33(S) VWDWHG³because of its efficacy and 
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sensitivity against the causative organism Salmonella typhi´. However, it was noted that 
some participants prescribed alternative antibiotics to oral ciprofloxacin. For example 
participant 1(P) stated, ³SRVLWLYHFDVHVDUHSXWRQWUHDWPHQW'RVDJH7E0HWURQLGD]ROH
200-PJWGVGD\V´. Participant 4(P) stated³treat positives with antimicrobials. 
'RVDJH7E&HIL[LPHPJEGGD\V´. Participant 8(P) stated, ³,JLYH antibiotics for test 
SRVLWLYHFDVHV'RVDJH7E$]LWKURP\FLQJGDLO\GD\V´ And participant 30(S) stated, 
³SRVLWLYHV,JLYHantibiotics. Dosage: Tb Cefixime 400mg bd*10-14 GD\V´ 
Of further interest was the views of participants on applying presumptive treatment for 
typhoid fever. The majority of participants were averse to presumptive treatment, because 
they expressed the opinion that this may lead to treatment failure and the development of 
antimicrobial resistance. For example, participant 18(P) stated, ³LWFRXOGOHDGWRWUHDWPHQW
IDLOXUHDQGDQWLPLFURELDOUHVLVWDQFH´. Participant 28(S) stated, ³LWFDQFDXVHDQWLELRWLF
UHVLVWDQFH´. Participant 11(P) stated, ³SUHVXPSWLYHWUHDWPHQWPD\EHSURSK\ODFWLFEXWFDQ
cause antimicrobial resistance´. And participant 1(P) stated, ³W\SKRLGIHYHUSUHVHQWVOLNH
PDODULDDQGSUHVXPSWLYHWUHDWPHQWPD\OHDGWRWUHDWPHQWIDLOXUH´. A very few advocated for 
presumptive treatment, but then only under certain circumstances. For example, participant 
50(P) stated, ³VLQFHFXOWXUHXVXDOO\WDNHVKUVSUHVXPSWLYHWUHDWPHQWFDQEHVWDUWHG´. 
Participant 30(S) stated, ³WKLVLVDJRRGLQWHUYHQWLRQWRSUHYHQWFRPSOLFDWLRQVVLQFHWKHPRVW
SUHFLVHEORRGVWRROFXOWXUHVDUHQRWDYDLODEOHLQPRVWGLVWULFWDQGKHDOWKFHQWUHV´. And 
participant 23(P) stated, ³:LGDOWHVWLV not solely reliable hence treatment can be made if 
WHVWLVQRWGRQHEXWFOLQLFDOIHDWXUHVDUHSUHVHQW´. From these quotes, it can be concluded that 
presumptive treatment appears to be used because of delays in diagnosis or concerns about 
the accuracy of the test or lack of availability.  
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3.3 Perceived role of new test  
Twenty-eight participants from different levels of care stated that they saw themselves using 
a new test, ³to provide additional diagnostic information after testing with the test they were 
using currently (add-RQ´. Sixteen participants from the different levels of care stated that 
they saw themselves using a new test, ³To test patients first to decide on who should receive 
further testing with the test you use now WULDJH´. And six participants from the different 
levels of care stated that they saw themselves using a new test, ³as the main investigative tool 
without further testing with the test they were using currently UHSODFHPHQW´. This 
observation was further explored according to health care setting and it was found that there 
was a similar trend in the response by health care setting.  
The chosen role of a new test implies the necessary properties it should possess. Thus, 
SDUWLFLSDQWV¶views on what test properties the new test should possess were explored. The 
majority of the participants wanted the new test to be more sensitive followed by those who 
wanted it to be more specific (the ability of a test to correctly classify the proportion of people 
without the disease who will have a negative test result) with participants 8(P) and 30(S) 
stating that they wanted the new test to be more sensitive and more specific compared to the 
test they were currently using. Some other properties as stated by the participants were 
improved reliability, low cost, greater availability, better accuracy, the ability to use other 
fluids apart from blood, easy to use, fast results, and high predictive values. It was noted that 
for some participants, their views on what test properties a new test should have did not 
correspond with their choice of the role of the test. For example participant 37(S) stated 
³better accuracy, ORZFRVWDFFHVVLELOLW\DQGHDVHWRSHUIRUP´ as the properties of the new 
test but wanted the test to be used as an add-on to culture. However, it is intuitive from the 
stated properties that this test should ideally be placed before culture in the care pathway to 
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expedite clinical decision making and enhance prompt implementation of an appropriate 
effective treatment.  
4.0 DISCUSSION 
An in-depth understanding of test-treat pathways is key to fully capturing the potential health 
economic impact of medical tests on patient relevant outcomes, and qualitative methods play 
a potentially key role in enhancing this process despite their limited uptake in practice. This 
case study focussed on how a qualitative approach has been applied to gain insight into 
current practice for typhoid fever in Ghana and the potential role of a new test on the care 
pathway in order to improve current practice. It was noted that two main care pathways for 
typhoid fever in Ghana exist (Widal and culture pathways) and the majority of the 
participants in this study were averse to applying presumptive treatment to typhoid fever. 
Also, it was noted that the majority of participants saw themselves using a new rapid test if it 
was introduced into clinical practice as an add-on test followed by those who anticipated 
using it for the purpose of triage, with very few of the participants using it as a replacement to 
the test they were currently using.   
The identification of two main pathways in this study was primarily due to variations in 
laboratory diagnostic capacity of healthcare facilities from which the participants were 
recruited. The Widal test is a simpler technology to employ compared to culture which 
requires resources (trained personnel and equipment) and therefore was more likely to be 
employed in primary hospitals which lack resources whereas culture was more likely to be 
employed in secondary hospitals. Although the majority of participants were averse to 
applying presumptive treatment to typhoid fever, a few advocated for presumptive treatment 
and for valid reasons such as delays in diagnosis or concerns about accuracy of test or lack of 
availability. These circumstances reflect the characteristics of current practice and therefore a 
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QHZWHVWZRXOGQHHGWREH³EHWWHU´LQWKHVHUHVSHFWVIRUKHDOWKFDUHSURIHVVLRQDOVLn Ghana to 
use if current practice is to be improved. The test should have a quick turnaround time, at 
least as accurate (as both tests) if not more accurate and should be accessible. Improved 
reliability, low cost, greater availability, better accuracy, the ability to use other fluids apart 
from blood, easy to use, fast results, and high predictive values were mentioned as the 
properties that a new test should have to improve current practice. These findings are key 
information that need to be taken into consideration in any effort to develop a new test to be 
used in the Ghanaian setting. The use of alternative antimicrobials to ciprofloxacin as noted 
from this study demonstrates the potential for waste in current practice, indicating the need 
for standardisation in, or adherence to, the treatment regimen for typhoid fever patients. 
Furthermore it was noted that regardless of the setting,  majority of participants saw 
themselves using a new rapid test if it was introduced into clinical practice as an add-on test, 
followed by those who anticipated using it for the purpose of triage, with very few of the 
participants using it as a replacement to the test they were currently using. However, one 
would have expected the responses to vary depending on the care pathway in which the 
participant worked. Underpinning this viewpoint is the fact that, if the main limitation of the 
:LGDOWHVWDVDFNQRZOHGJHGE\WKHSDUWLFLSDQWVZKRIROORZWKH³:LGDOFDUHSDWKZD\´LV
unreliability of the test, then a majority of them should be more inclined towards using a new 
test which is intended to be more reliable as their main investigative tool rather than as an 
add-on to the test. The argument might be that the very limitation of the Widal test is the 
reason why the new test should be used to provide additional diagnostic information. 
However, if the new test is accurate enough to be used to confirm diagnosis after the Widal 
test, then it is intuitive that it will replace the Widal test to save money (although it is 
acknowledged that a cost-effectiveness analysis comparing both tests will be needed to make 
such a decision). $OVRIRUWKRVHSDUWLFLSDQWVZKRIROORZWKH³FXOWXUHSDWKZD\´RQHZRXOG
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have expected the majority of them to be more inclined towards using the new test for triage 
purposes. The reasoning is that, if culture takes 2-3 days (causing potential treatment delays), 
then it is intuitive that patients would be tested first with the proposed test and test positive 
patients treated promptly whilst test negative patients could be further tested by having their 
samples cultured. However, it was not possible to explore the reasoning behind the 
SDUWLFLSDQWV¶FKRLFHVwhich could be lack of understanding, perception of the accuracy of the 
existing tests, scepticism about the reality of a new test, acceptability and accessibility of new 
test).  
The findings from this survey can inform the subsequent modelling process in a number of 
ways. First, delineated test-treat pathways can inform and assist in defining the boundaries 
and structures of the individual models needed to effectively evaluate the true value of a 
hypothetical test. It will inform the model structure to appropriately represent clinical 
practice.  These findings indicate that the settings in Ghana are different depending on the 
level of care, and the implication is that any cost-effectiveness analysis should consider these 
alternative pathways separately. Second, the findings of the study have assisted in identifying 
the appropriate comparator test strategies required for the cost-effectiveness study. The 
potential cost-effectiveness of the hypothetical test should be evaluated by comparing it with 
each comparator testing strategy separately. This will inform decision making on how the 
new test should be used in each care pathway, i.e., should it replace the Widal test or should it 
be used as a replacement, triage or add-on test to blood culture? Furthermore, the intended 
role of a new test in a care pathway should be clearly defined in the model to enable the 
assessment of the test in that role. The study findings indicate there was no consensus among 
the participants on what this role should be, suggesting the need to evaluate the test in all the 
possible roles in each pathway. It is not clear whether these responses were due to lack of 
understanding. However, this does not undermine the need to evaluate all possible roles of a 
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new test. Figures 4, 5 & 6 shows the various model structures evaluating all possible roles of 
a new test.   
Adopting the framework method has worked well for this particular case study. The relatively 
well structured and deductive approach to questioning enhanced the efficiency of the data 
collection process because it allowed for the information requirements to be well specified in 
advance which shaped the nature of the data to be collected. Furthermore, the matrix output 
allowed patterns to be more easily identified. For example, it was easy to identify the test-
treat pathways once the matrix had been developed and data charted into it. An open-ended 
approach to questioning also allowed the identification of unanticipated issues. An example is 
the observation with regards to the use of alternative antibiotics to ciprofloxacin.  Also, 
adopting the framework approach allowed for the perspectives of fifty-one participants 
working in different settings/locations and across different practices (rather than a few 
informants) to be captured and analysed to gain in-depth understanding of current practice. 
The implication is that, it could potentially enhance the validity, generalizability and 
credibility of findings of any modelling study based on the delineated pathways.   
Furthermore, many techniques that might be used to elicit test-treat pathways may not be 
feasible due to time and resource (money and skill) constraints. For example, there are 
challenges such as the practicality of organising and running face-to-face discussions in focus 
groups or gaining the inputs of multiple clinicians with busy schedules by asking them to 
complete questionnaires in a series of rounds as in the Delphi approach. However, as has 
been shown in this study, framework analysis is an example of a qualitative methodology that 
is likely to be accessible and feasible across a wide range of health economic settings. The 
framework method of analysis can in principle be adapted for the analysis of different forms 
of textual data (e.g., interview transcripts, responses to a questionnaire, meeting minutes and 
field notes from observations) to produce highly structured outputs of summarised data across 
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a range of research areas [29]. The key aspect of framework analysis within qualitative 
research is that it is deductive and allows the researcher to collate qualitative information 
within pre-defined categories or themes. This is one of the key characteristics of framework 
analysis that potentially makes it more accessible to quantitative researchers. Thus for this 
method to be beneficial in any specific health economics context, it is necessary for the 
researcher to be clear from the outset the issues to be explored (such as the purpose of the 
model, the type of model to be developed, what elements are heterogeneous etc.). This will 
inform the most appropriate questions to ask during data collection in order to collect relevant 
data. Once data has been collected and converted into textual form, the framework method 
can be applied to analyse the data set to generate important outputs that will appropriately 
inform the model development process. It is worth mentioning that when reporting qualitative 
research finding, usually the researcher describes and interprets quotes as they are not self-
explanatory without context. However as seen in this study, a survey rather than interviews 
was conducted and therefore there is limited interpretation. This is due to the nature of the 
questions asked, eliciting responses that were quite straight forward and requiring less 
interpretation.  
The literature suggests two main ways in which qualitative methods can be applied to the 
model process. Indeed, there are several studies where the benefits of the application of 
qualitative methods in model development have been highlighted. For example, Kaltenhaler 
et al [7] reviewed responses of the evidence review groups (ERGs) (of the National Institute 
for Health and Care Excellence (NICE)) WRPDQXIDFWXUHUV¶PRGHOVXEPLVVLRQVXVLQJ
documentary analysis. They identified several recurring concerns raised by ERGs and made 
some recommendations to assist manufactures to improve the quality of their submissions. In 
this instance, a qualitative approach was used to identify and understand areas of concern that 
required further guidance to inform general and future modelling processes. The Delphi 
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technique has been demonstrated by Sullivan and Payne [13] and Iglesias et al [12] as a 
PHDQVWRJDLQFRQVHQVXVDQGFROODWHH[SHUWV¶RSLQLRQVRQFHUWDLQaspects of a model structure, 
while the focus group approach for the conceptualisation of models structure has been 
demonstrated by Roberts et al [8], and Squires et al [14] thus demonstrating the use of 
stakeholder workshops to conceptualise model structure. Furthermore, there is an increasing 
reliance on expert judgement as a useful source of data for economic models [13], 
particularly in early-modelling studies and in cost-effectiveness studies of technologies 
conducted in the absence of data from randomised controlled trials. Expert judgement is 
relied on not only to structure and populate a model but also on other important parameters 
(such as test accuracy) which have an impact on care pathways. Qualitative approaches 
provide a robust and explicit way to properly elicit their opinions. Clearly, the benefits of 
using qualitative approaches to inform model development cannot be relegated to the 
background.    
The limitations of this study include the fact that only clinicians and medical assistants were 
sampled. Other relevant stakeholders such as patients [30] and policy makers could have also 
been sampled because they may have held different views or added further considerations. 
Furthermore, because the interviews were not personally conducted, it was not clear whether 
the participants actually understood all the questions and it was not possible to probe their 
responses. This was a particular deficiency in this study when capturing valid participants¶ 
views about the anticipated role of a new test. 
5.0 CONCLUSION 
Delineating care pathways during model development can be difficult and qualitative 
methods can play a potentially key role in enhancing this process. Integrating qualitative 
methods in model development can potentially assist in improving the validity as well as 
generalizability and credibility of models. As shown in this case study, qualitative methods 
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lend themselves well to facilitating the involvement of the different types of experts 
knowledgeable on a topic on interest and working in different settings (rather than a few 
informants) to be captured and analysed, thereby potentially enhancing the credibility of the 
models developed based on the findings.  
The qualitative method applied in this study is a simple but systematic approach that can 
potentially enhance the process of model development. As shown in this study, it provides an 
alternative way to eliciting responses from relevant stakeholders without having to run face-
to-face discussions or by asking them to complete questionnaires in a series of rounds which 
could be very tasking and time consuming. Thus, by adopting this method, modellers will 
avoid such additional burden associated with other methods (a possible explanation for the 
reduced uptake of formal qualitative approaches in model development) whilst still being 
able to collect and analyse such in-depth information to gain insight into current practice. 
One of the defining features of the framework method as highlighted in this study is that, it 
can be adapted for the analysis of different forms of textual data and it provides explicit steps 
to follow to produce highly structured outputs of summarised data. Once the matrix has been 
developed and data charted into it, recognition of patterns in the data set becomes quite 
straightforward because it becomes easier to compare data across cases and within cases. 
Therefore, this useful approach could be adopted by health economists and modellers who 
may want to undertake such studies because of their potentially important role in enhancing 
model credibility. 
Clearly, qualitative methods can potentially assist in improving the model development 
process and we suggest that those working in this field consider the opportunities that 
qualitative methods provide. Qualitative investigation is a step beyond the usual informal 
discussions with clinicians that informs modelling. 
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